We previously have demonstrated that the hospital waterdistribution system could be a reservoir for airborne molds that leads to secondary aerosolization of these molds in patient shower facilities. In this report, we show that cleaning the floors of patient shower facilities in a bone marrow transplantation unit reduced the mean air concentrations of molds, including Aspergillus species (from 12 cfu/m 3 to 4 cfu/ m 3 ; ) . P p .0047
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Aspergillus species and other pathogenic molds are a cause of life-threatening infections in immunocompromised patients [1, 2] . These infections are particularly difficult to prevent and treat [2] , and they continue to occur despite the use of chemoprophylaxis and strict infection-control practices [3] . We have previously shown that, in a hospital ward in which adequate air precautions have been taken, the water system can be a reservoir for opportunistic molds, including Aspergillus species [4, 5] . We also have shown that the concentration of airborne molds was significantly higher in areas of major water use (such as patient showers) than in patient rooms and hallways, a finding that suggests that aerosolization of waterborne molds occurs after water use (e.g., after showering) [4] . This aerosolization could be explained either by direct aerosolization from running shower water (with water as the main source of airborne molds), splashing of contaminated environmental surfaces with shower water (with water-related surfaces as the main source of airborne molds), or both. These surfaces usually remain humid after water has been used and may serve as a damp microniche for permitting molds to grow and multiply. We therefore conducted a prospective study to identify the contribution of water and water-related environmental surfaces to the aerosolization of waterborne molds in hospitals and to assess the impact of cleaning these surfaces on decreasing the exposure of high-risk patients to airborne pathogenic filamentous fungi.
Methods. From August 1999 through December 2000, we obtained 48 air samples from 11 bathrooms of a bone marrow transplantation (BMT) unit in Little Rock, Arkansas. Each experiment performed involved 2 air samples, one of which was obtained before the shower water was turned on and the other of which was obtained within 10 min after the shower water was turned off. The shower water was turned on for 15 min to simulate a typical patient shower. The BMT unit was recently built (in 1997) and is equipped with 2 central high-efficiency particulate air (HEPA) filtration systems. All HEPA filters are routinely monitored and maintained to ensure a high rate of air exchanges (у15) per hour. Additional air precautions on the unit include complete sealing of windows, avoidance of objects (such as flowers, plants, and pepper) or activities (such as vacuuming) that could generate an increase in airborne molds, and other measures as recommended [6] .
Air samples were obtained within 1 h after completion of cleaning and were collected with a 6-stage Bioaerosol Sampler (Andersen Instruments), as described elsewhere [7] . They were plated on Sabouraud dextrose agar that contained chloramphenicol and gentamicin. Plates were incubated at 30ЊC and were checked daily for growth for у28 days. Fungi were identified according to methods established elsewhere [8] . Colony counts were expressed as colony-forming units per cubic meter (cfu/m 3 ) of air. A commercial detergent was used to clean the environmental surfaces of the shower (i.e., the floor and walls) and the showerheads, and a phenolic compound (STAT 3; Airkem Professional Products, Ecolab) was used for disinfection of the same surfaces. Routine cleaning of areas designated for patient care was done using these 2 agents daily and usually included cleaning of the bathroom and room floors, the sink area, the inside and outside of the toilet, the mirror, and any surfaces as needed. Once the patient was discharged from the unit, the room was cleaned after all furniture was put away. During the study, we added cleaning of the walls, stalls, and showerheads (including showerhead removal) to the standard cleaning regimen. The 2 sets of colony counts obtained before and after cleaning were analyzed by the Wilcoxon matched-pairs test, on the basis of the rank order of the magnitude of differences in matched observations (Statistica 2000, version 5.5; Statsoft).
Results. Twenty-four air samples were obtained from 11 randomly selected patient shower facilities (samples were obtained from 1 shower facility on 2 occasions). The mean concentration of airborne mold (‫ע‬SE) was 15- Because variables other than cleaning may affect the concentrations of airborne molds in different locations, we also performed these studies on the same 6 shower facilities (i.e., data were obtained for the same shower facility both before and after cleaning To identify the contribution of showerheads and showerfacility surfaces to aerosolization, we compared the concentration of airborne molds noted after cleaning only shower floors (9 facilities and 18 samples) with that noted after cleaning shower-facility walls, showerheads (including showerhead removal), the adjacent bathroom area, and the floors of the shower facility (8 facilities and 18 samples). No significant reduction in concentrations of airborne molds (including Aspergillus species) could be observed after completion of morethorough cleaning. The mean concentration of airborne molds (‫ע‬SE) noted in air samples obtained after only floors were cleaned was cfu/m 3 (mean concentration of airborne 7.5 ‫ע‬ 2. ). P p .7 Discussion. Our study shows that cleaning water-related surfaces immediately before showering is associated with a significant reduction in the concentration of airborne filamentous fungi, including Aspergillus species. This finding suggests that the aerosolization of medically important molds in shower facilities results in part from the back-splashing of running shower water against contaminated environmental surfaces, such as bathroom floors and walls. We had previously reported contamination of these water-related surfaces with Aspergillus species [4] .
To our knowledge, this is the first report to show an association between the cleaning of water-related environmental surfaces and a reduction in the airborne concentration of medically important filamentous fungi in a hospital ward housing immunocompromised patients. The implications of our findings are important for the prevention of opportunistic mold infections in high-risk patients. We had previously reported that a strain of A. fumigatus recovered from one of our patients with cancer who had A. fumigatus pneumonia was genotypically identical to an A. fumigatus strain isolated from a water-related surface in the patient's shower facility at our hospital [4] . Molecular studies aimed at comparing the relatedness of all clinical and water-related environmental strains of Aspergillus species are currently underway. The standard infection-control measures for the prevention of these infections have relied exclusively on the implementation of strict air precautions to prevent the entry of contaminated outside air into hospital wards [6] . Unfortunately, these infections continue to occur, despite the widespread implementation of air filtration [3, 9, 10] and despite the use of chemoprophylaxis with agents that are active against these pathogens [11] [12] [13] . We have previously proposed that highrisk patients avoid exposure to tap water and that they use sterile sponge baths instead of showering to reduce their exposure to high concentrations of opportunistic fungi [4, 5] . Given that it may be difficult for some patients to avoid showering for prolonged periods, and, in light of our current findings, we are now recommending that bathrooms be thoroughly cleaned immediately before patients shower, for those patients who insist on showering while experiencing severe immunosuppression. Immunocompromised patients who undergo BMT and who are discharged to the community while they are still severely immunosuppressed also have an increased risk for invasive fungal infections. Our findings may be logically extrapolated to shower facilities and bathrooms in the community.
Of note, these pathogenic molds have been recovered in the water systems of several communities and hospitals worldwide [14, 15] . Thus, our results should be applicable to various health care facilities and communities. In conclusion, cleaning waterrelated environmental surfaces immediately before patient showering decreases the exposure of high-risk patients to airborne pathogenic fungi.
